INTRODUCTION
Natural Fiber reinforced composites have received much attention nowadays due to their light weight, low cost and eco-friendly nature. In addition, natural fibers offer increased recycling capabilities over conventional polymers 1 . Good amount of research is published on plant based natural fibers but research on animal fiber based composites is meagre. Animal fibers such as Chicken Feather, Human hair, Hairs of other birds and animal are commonly described as a waste by-product and their disposal methods are contributing to environmental pollution 2 . Human hair by nature is a fibrous material with good tensile properties. The primary component of the hair fiber is keratin which consists of proteins and long chain (polymers) of amino acids 3 . Cortex in the hair fiber is primarily responsible for the tensile properties of human hair 4 . Mechanical Properties viz, Tensile strength and Tensile Modulus of fiber reinforced composites are greatly influenced by its Fiber volume fraction as well as fiber length. The maximum values of tensile strength and modulus of the coir fiber reinforced composites is achieved at the 30mm fiber length 5 .
If these fibers are successfully impregnated into resins to make composites and are used for applications, it offers much more effective solution for environmental pollution issues. Presently human hair composites are being used in the areas of construction, automobiles and moulded furniture 6 . Both human hair and chicken feather are naturally made out of keratin, reports on human hair based composites is relatively less. In the present experimental study, authors made an attempt to make human hair reinforced composite specimens to mechanically characterize the composite material.
HUMAN HAIR FIBER AND ITS PROPERTIES
Keratin is the primary constituent of Human Hair fiber. These keratins are proteins, polymers of amino acids. Keratin proteins form the cytoskeleton of all epidermal cells. Keratin proteins comprise 65-95% of the total hair fiber by weight. Mostly hair fibers are made of hard keratins which do not dissolve in water. Hard keratins are highly resistant to proteolytic enzymes. Hair fiber durability and resistance to degradation under environmental stress comes from the linkage between the cystine molecules and keratin proteins that form disulfide chemical bonds. These bonds are very strong. Amino acids with their quantities present in normal hair fiber are shown in figure1 7, 8 .
The hair is composed of raw elements which are shown in figure 2. Other element that are present in the hair in trace amounts are magnesium, arsenic, iron, chromium and other metals and minerals 7, 8 . 
DISCONTINUOUS AND RANDOMLY ORIENTED FIBER COMPOSITES
Reinforcement efficiency for discontinuous fibers is lower when compared to continuous fibers. However the usage of discontinuous fibers is predominant in the commercial market. Chopped glass fibers are extensively used in many applications. Short fiber composites can be produced with 90% of elasticity Modulus and 50% of tensile strength when compared to continuous fiber composites. 
Discontinuous and aligned fiber composites
The longitudinal strength of a discontinuous and aligned fiber composite with uniformly distributed fibers ( c l l > ) is given by the relationship (1).
Where, f σ m σ are fracture strength of fiber and stress of matrix respectively when the composite fails and c l is the critical length of the fiber. f V represents the Volume fraction of the fibers in the composite.
Discontinuous and randomly oriented fiber Composites
Normally, short and discontinuous fibers are employed when the fiber orientation is random. Rule of mixtures expression for this kind of composites is given by equation (2) 
Where K is fiber efficiency that depend on fiber volume fraction, f V and f E / m E ratio. Anisotropy is exhibited by the aligned fibrous composites there by giving maximum strength and reinforcement along the alignment direction, where as fiber reinforcement is nonexistent in the transverse direction leading to low tensile stresses. However, Isotropic mechanical properties are exhibited by the randomly oriented short fiber composites. Applications involving multidirectional stresses normally use randomly oriented discontinuous fibers. The reinforcement efficiency in this case is only one-fifth that of an aligned fiber composite.
Theoretical models for tensile properties of randomly oriented fiber distribution composites Different theories are used to model the mechanical properties of the fiber reinforced composites. Some of them are:
Series and Parallel model:
Tensile strength and tensile modulus are calculated using the equations 3 to 6 as given by Harjeet S.Jaggi et al.
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Series Model
Where E, σ and V are Young's Modulus, Stress and volume fraction respectively. The subscripts c, f and m denote composite, fiber and matrix respectively
Hirsch's Model:
This model is the combination of series and parallel model. According to Hirch's model, the stress and young's modulus are given by equations 7 &8.
Where 'x' is an empherical parameter that characterizes the stress transfer between the matrix and fiber. The value of x is taken as 0.4 for longitudinally oriented fiber composites and is 0.1 for random oriented fiber composites 12 . 12 : According to this model, the Tensile modulus and tensile stress are given by equations 9&10
Modified Bowyer and Badar's model
Where K1 is fiber orientation factor that varies between 0 to 1 and K2 is fiber length factor which is estimated by 
EXPERIMENTAL
Materials
Human hair Fibers obtained from the local agencies were used for the present experimental study. Polyester resin obtained from M/s. Anand Composites, Hyderabad is used as the matrix material. Methyl Ethyl Ketone Peroxide (MEKP) and Cobalt Naphthenate supplied by M/s. SP Engineering Ltd., Hyderabad, are used as Catalyst and accelerator respectively.
Fiber Treatment
The Human Hair Fibers obtained are taken in to a plastic tray. A Hair Conditioning Shampoo was added into the tray and the fibers are allowed to soak in the solution for 30 minutes. The fibers are then washed thoroughly with water to remove the excess of shampoo sticking to the Fibers. Final washings were carried out with distilled water and the fibers are then dried in sunlight for 2 hours. Then the fibers are chopped into short fibers of required lengths of 10, 20, 30, 40 and 50 mm for present study.
Preparation of Mould
Mild Steel material is used to make Mould of 300 ×300× 3 mm dimensions, is used to make the composite sheets. Initially, the mould is cleaned with the cleaning agent, to remove any greasy, oily material that is present on the mould surface. The mould becomes ready after it is applied a layer of releasing 
Preparation of composite and Test specimen
Hair Fibers cut into specified length and is uniformly spread in the mould. The polyester resin along with the catalyst and accelerators in required quantities are mixed thoroughly as per the procedure and poured in to the mould to fill it. Sufficient care is taken to have uniform distribution and full impregnation of Fiber in the resin. The mould is then closed with other half part of mould, clamped tightly and is kept for 24 hours at room temperature as polyester cures completely in 24 hours of time. The composite sample sheets are fabricated with different fiber weight ratios.
Specimen Preparation and Testing
Test specimens are cut from the completely cured composite sheet as per ASTM standards is shown in the figure 4a. The tensile tests are carried out using Autograph AG15, Shimazdu 0-50 kN range with an accuracy of 0.1N. For each test, 5 specimens are used, and the average value of tensile load at breaking point is calculated for these 5 specimens. A specimen under test is shown in figure 4b .
RESULTS AND DISCUSSIONS
Random oriented Human hair fiber polyester composites have been produced with five different fiber lengths and seven different volume fractions for each fiber length. The density of the composite is observed to be increasing with increasing fiber volume fractions although the density the composite is less than density of fiber and more than the matrix material. Variation of Composite density with weight fraction for optimum length composite is shown in figure 5 . 
Effect of fiber Weight Fraction on the tensile strength.
Experimental results from the tensile tests for different specimens with varying fiber lengths and fiber weight fraction are presented in Table 2 . It is observed from the table that tensile strength is increasing with increase in Fiber length and Fiber weight ratio.
Few fibers are present for low fiber weight fractions and the stresses in the composite are high enough to break the fibers. The broken fibers do not carry any load and these broken fibers can be regarded as an array of aligned holes. As a result, the tensile strength of the composite falls below that of the matrix material. This phenomenon can be witnessed from figure 6, where the tensile stress is low at lesser fiber weight fractions. As explained in composite theory 14 , the reinforcing action of the fiber is only effective once the fiber volume fraction exceeds the critical value. Goshal et al. 15 explained the minimum and critical fiber volume fractions for short banana fiber reinforced vinyl -ester composite and found them as 15% and 25% respectively. However there is a maximum fiber content beyond which the properties of the composite deteriote 16, 17 . In the present study, the tensile properties of the composite registered a clear decline beyond 20% fiber weight fraction. This may be due to the impregnation and wettability issues close to these maximum fiber weight fractions. Also at higher fiber weight fractions, fiber to fiber spacing becomes so small that the stress transfer between the fiber and matrix becomes ineffective as explained by Pan 18 . Variation of tensile strength with change in fiber weight ratio is depicted in figure 5 . It is evident that tensile strength increases with increase in fiber weight ratio up to 20% and then decreases with further increment in the fiber loading. This is due to improper impregnation of fibers beyond 20% fiber loading. Also the higher fiber loading resulted in poor fiber efficiency and hence low K value, leading to reduction in the tensile strength. Variation of Tensile stress for different fiber lengths is plotted in figure 6 . It is clearly evident from figure that the tensile strength of Human Hair Polyester reinforced composites is increasing with increase of fiber length up to 30 mm. Further increase of fiber length has resulted in decreased tensile strength of the composite. This may be due to the fact that discontinuous hair fibers of length more than 30mm are not impregnated straight into the matrix and there by failed to carry the required load. Variation of Tensile Modulus with the fiber weight fraction is shown in figure 7 . Fiber void content is calculated using equation 13 and variation of void content with fiber weight ratio at optimum fiber length composite is shown in figure 8 . It is noticed that experimental tensile modulus has dropped sharply at high fiber weight fractions. This is due to the fact that high fiber volume fractions resulted in the formation of voids between the adjacent fibers because of changing resin flow dynamics as suggested by D.U. Shah et al. 19 . It is also observed that the maximum positive void volume content occurred at 10.45 and 36% fiber weight ratio where low stress values are recorded. Higher void volume percentage is one of the reasons for sudden drop in tensile modulus at 36% weight ratio. Low fiber efficiency is another important reason for low values of tensile modulus beyond 20% of fiber loading. 
CONCLUSIONS
A composite is successfully manufactured from the waste human hair fibers that are abundantly available in the market as a waste human by product.
The effect of fiber volume fraction and fiber length on tensile properties of a random oriented HHRC is investigated.
It is observed that the Maximum tensile strength of the Human Hair Reinforced Composites is 31.45MPa which occurred at 30mm fiber length. Also it is increasing with increase in Fiber length up to 30 mm and further increase in Fiber length has resulted in decrease in tensile strength. Similar results are observed by Yashwanth S. Munde and et al. 5 , who carried out experimentation on coir Fiber reinforced composites.
Of all the fiber loadings, maximum tensile strength is recorded at 20% fiber weight ratio. It is increasing with increase in Fiber weight ratio up to 20%, further increase in fiber weight ratio has resulted in decreased tensile strength of the composite. This tendency is observed at all Fiber lengths. Similar types of results are published by T. Subramani et al. 20 , in 
